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Abstract
A rotavirus outbreak in newborns admitted to the ‘La Paz’ University Hospital, Madrid was detected, followed up and controlled. Unin-
fected children were selected as control subjects. Samples of faeces were taken once or twice weekly from all the newborns, including
those who were asymptomatic and who were admitted to the neonatal unit for early detection of rotavirus and the positive were sepa-
rated from the rest of the neonates. Contact-related precautions were taken for all patients, and alcohol solutions were used for hand
washing. During the months of the outbreak, 1773 children were admitted to the hospital, 131 of whom were affected by the rotavirus
infection (7.4%). Of these, 72 (55%) had symptomatic infections. In the ﬁrst month of the outbreak, nine cases of necrotizing enterocoli-
tis were diagnosed (one patient developed massive intestinal necrosis). The infections (symptomatic and asymptomatic) presented a
bimodal distribution caused by a new outbreak of rotavirus type P4G2 after two patients who had acquired the infection outside the
hospital were admitted when the ﬁrst outbreak was subsiding. The characteristics of cases and controls were analysed using bivariate
and multivariate methods (non-conditional multivariate logistic regression) to identify four risk factors strongly associated with rotavirus
infection: premature birth, infections other than rotavirus, malformation, and changes in glycaemia and/or presence of jaundice.
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Introduction
Rotaviruses belong to the Reoviridae family and are found
throughout the world [1–4]. They generally affect children
under 5 years of age and are the cause of more than 100 mil-
lion cases of diarrhoea and half a million deaths each year [5–
7]. Most rotavirus infections are community-acquired,
although nosocomially acquired cases are found in both
developed and developing countries [8–10]. The frequency of
these infections varies according to the method used to cal-
culate the incidence rate, with studies showing rates of
between one and 28 per 100 hospital admissions [4]; for
example, in the USA there are over 70 000 hospital admis-
sions due to rotavirus infections each year. There are also
reports of nosocomial rotavirus outbreaks in paediatric wards
and neonatal units, although to a lesser extent [4,11,12]. The
presence of rotavirus lengthens hospital stays and increases
costs [4,7]. Infections in neonates can be asymptomatic
[11,13–16] or mild, and therefore sometimes go undetected.
For example, in Brazil, the frequency of rotavirus excretion
rose from 11% to 21% among newborns during outbreaks
[17]. Nevertheless, when synergy exists between rotavirus
and bacteria that are normally found in the intestine, the
infection can worsen and cause necrotizing enterocolitis
(NEC) [18]. There have been reports in the USA of ﬂuctua-
tions in the frequency of NEC that coincide with the fre-
quency of rotavirus infections in the population [19].
The principal mode of transmission of these viruses is fae-
cal–oral. Billions of these viruses are excreted in each gram
of faeces, making it quite likely that a child’s environment is
contaminated. Furthermore, controlling an outbreak is difﬁ-
cult, given that only a small inoculum (100 viral particles) is
needed to produce an infection [20].
In 1990 and 1992, there were limited outbreaks of rotavi-
rus infection in the neonatal unit of La Paz University Hospi-
tal. After that, only a few sporadic cases were detected until
2005, when there was an outbreak that affected a large num-
ber of children. Control of this last outbreak involved
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improved hygiene and use of microbiological detection meth-
ods to identify cohorts of infected patients, including those
who were asymptomatic. Risk factors of infection were
investigated by a case-control study.
Materials and Methods
Hospital setting, patient population and case deﬁnitions
The neonatal unit of La Paz University Hospital is a level 3
unit with 80 beds, 14 of which are classiﬁed as intensive
care, for treatment of patients with a very broad spectrum
of medical and surgical problems. The patient load is c. 2300
children per year, 90% of whom are born in the hospital’s
maternity ward. In 2005, 10 122 infants were delivered, with
a premature birth rate of 9.30%.
The case deﬁnition was established according to the
detection, using a rapid immunochromatography technique
(Combi-Strip; Somagen, Gembloux, Belgium), of rotavirus in
stool samples, regardless of clinical symptoms, in newborns,
from time of admission to the neonatal unit until 3 days after
discharge. If the newborns came from another hospital or
maternity ward, the infection was considered to be hospital-
acquired if it was detected more than 48 h post-admission.
Concerning epidemiology and analysis, stool samples were
taken from all admitted patients once or twice per week,
depending upon the phase of the outbreak. Identiﬁcation of
cases was performed by the microbiology service, which
communicated positive results within 24 h of the sample
being taken. When a new case was identiﬁed, all patients
who shared a room with the infected child were immediately
tested. Those with negative results remained in the same
room, and the test for rotavirus was repeated 48 h later. If
the result showed no infection, the patients were classiﬁed
as ‘negative’. Patients who tested positive were retested for
rotavirus in faeces at days 7, 10, 14, etc., and were classiﬁed
as negative only when they had negative results for two con-
secutive tests at 3-4 day intervals.
Seventeen of the positive samples that were obtained at
the outset were sent for typing in the middle and at the end
of the outbreak to the National Center in Majadahonda
(Madrid, Spain). Exposed cohorts were identiﬁed by using
both the results of screening tests of children who shared a
room with an infected patient, and the results of routine
screening of all children in the neonatal unit. Patients who
were diagnosed as having a rotavirus infection were grouped
together and, for the most part, treated by personnel who
did not treat other children in the unit. Compliance with this
measure was somewhat compromised during the summer
months.
Information sessions for parents, and refresher courses
for healthcare providers, were arranged and written proto-
cols were provided to explain the epidemiological evolution
of the rotavirus, the steps to be taken during each phase,
and the requirements for proper hand hygiene, including the
use of alcohol-based hand solutions (Alco-Aloe) following
traditional washing of soiled hands. Adherence to the hygiene
and hand-washing protocols was controlled by random tests,
the results of which were provided to participants in the
study. Additional emphasis was placed on guidelines for bath-
ing, diaper change, use of breast pumps, and procedures for
the diagnostic imaging laboratory. Other measures used to
track the epidemiological evolution of the infection were:
obligatory use of disposable hospital gowns (worn over
regular hospital uniforms) for all individuals coming in
contact with an infected child; the use of single-application
or single-use items; and disinfection of surfaces such as
rust-resistant ﬂoors and tables with a sodium hypochlorite
solution (1.0 g/L), and of hypochlorite-sensitive surfaces with
73% alcohol.
Once the outbreak was resolved, a study of the case and
control subjects was carried out. All children who were diag-
nosed with rotavirus, regardless of whether or not they had
clinical symptoms, were classiﬁed as case subjects. The con-
trol group was made up of a random sample of children
admitted to the unit during the outbreak, but for whom a
diagnosis of rotavirus infection was not made during their
hospital stay.
Descriptive and analytical statistical methods
All variables were taken from the medical records of case
and control subjects enrolled in the study and were analysed
using SPSS-10 software (SPSS-INC., Chicago, IL, USA). Bivari-
ant associations in relation to the dependent variable were
then analysed with Student’s t-test for quantitative variables,
and chi-square and ANOVA for qualitative variables. Finally,
non-conditional logistic regression equations were calculated
using the patient or control status as the dependent variable
in relation to the other variables identiﬁed upon admission,
to identify any patterns that may indicate the children more
likely to become infected.
Results
The overall incidence of hospital-acquired rotavirus infection
from March to November 2005 was 7.4/100 admissions (131
cases/1773 admissions). The outbreak came in two waves
(Fig. 1): the ﬁrst began abruptly at the end of March, lasted
throughout April, reached its peak in May, and began to
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wane over the next few months. In September, rates began
to climb again when twins who had been discharged in good
health returned with clinical symptoms including diarrhoea,
having apparently been infected by their parents. After this
second surge, there was another period of slow recession in
October, and the outbreak was over by mid-November.
Fig. 1 provides month-by-month counts of new cases of rota-
virus infection, regardless of the presence of clinical symp-
toms. Fig. 2 shows the time from admission to diagnosis for
the 131 cases of infected children. Two-thirds of the infec-
tions occurred in the ﬁrst 2 weeks, with a low percentage of
late-onset cases in spite of the measures implemented to
prevent new infections.
Samples from 17 children randomly chosen by the micro-
biology service of La Paz University Hospital were sent to
the National Microbiology Center in Majadahonda for typing.
The results were uniform and corresponded to rotavirus
srotype P4G2.
Among the 253 patients studied, 131 (51.8%) had rotavi-
rus infections and the remainder (48.2%) were control sub-
jects. Among the 131 infected patients, 59 (45%) were
diagnosed through screening for the virus, but presented no
symptoms that suggested infection. The time from admission
to diagnosis was 9 days (average, percentil 25 = 6 and per-
centil 75 = 15 days). Among the 72 cases presenting with
symptoms, 63 (48.1% of all of the cases) progressed to full
recovery, and the other nine (6.9% of the total) developed
NEC (Bell stages I and III); all of these nine evolved well and
without complications, except for two cases (1.5% of all
cases) who needed surgery. One of these patients developed
massive intestinal necrosis that required extensive resection
of the large and small intestines, resulting in short-gut syn-
drome, and is currently on the waiting list for an intestinal
transplant. None of the infected children died. It is interest-
ing to note that all of the NEC cases occurred in the ﬁrst
months of the outbreak (March and April).
Table 1 shows that case subjects had lower birthweights
(p <0.05) and lower gestational age (p <0.05) than controls.
As expected, the average hospital stay was longer (p <0.01)
because of the infection. Cases were also different with
respect to two variables: a higher percentage of changes in
glycaemia and/or presence of jaundice and a lower percent-
age of gastrointestinal tract changes (excluding rotavirus
infections), both with p <0.05.
Nevertheless, there was no difference between case and
control subjects with respect to other hospital-acquired
infections, respiratory tract diseases and antibiotic treatment.
Table 2 shows the main symptoms of rotavirus infections,
the most frequent being diarrhoea, which occurred in more
than two-thirds of the symptomatic cases. Bloody stools
(without association with other microorganism), fever and
abdominal distension were found in only one-fourth to one-
ﬁfth of the cases.
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FIG. 1. Patients with rotavirus in the neonatal unit 2005.
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FIG. 2. Time (weeks) from admission to diagnosis of rotavirus in
neonates 2005.
TABLE 1. Quantitative variables and qualitative variables
(recorded prior to the rotavirus infection, where applicable)
concerning the patients studied
Type of variable Controls Cases p
Quantitative variables
Number of children studied 122 (48.2%) 131 (51.8%) NS
Weight at birth (g, median ± SD) 2398 ± 72 2201 ± 67 <0.05
Gestational age (week, median ± SD) 35.6 ± 0.3 34.8 ± 0.3 NS
Hospital stay (days, median ± SD) 16 ± 1.5 24.6 ± 1.7 <0.01
Qualitative variables (%)
Sex
Male 58.2 47.3 NS
Female 41.8 52.7
Premature birth 45.1 61.1 <0.05
Respiratory pathology 32.8 35.9 NS
Infection (prior to rotavirus) 29.5 41.2 NS
Malformations 16.4 26.2 NS
Glycaemia change and/or presence
of jaundice
3.3 16.2 <0.05
Haematological pathology 2.5 3.8 NS
GI system pathology 7.4 1.5 <0.05
Antibiotic treatment 51.6 42.7 NS
SD, standard deviation. GI, gastrointestinal pathology except diarrhea; NS, not
signiﬁcant.
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Table 3 shows the results of the multivariate analysis of
risk factors using non-conditional logistic regression. Adjust-
ment of the equation is appropriate and indicates that the
risk factors prior to rotavirus infection include premature
birth, infections other than with rotavirus, malformation or
changes in glycaemia and/or presence of jaundice.
The individual OR for each variable was approximately
2.5, with the exception of the OR for changes in glycaemia
and/or presence of jaundice, which was three times
greater. Combined OR is determined by multiplying the
individual ORs of the different variables. Thus, the OR of
rotavirus infection, together with premature birth and prior
infection, was 6.1. This, in combination with changes in
glycaemia and/or presence of jaundice, accounts for an
increased ratio of 47. If all four risk factors are present,
the OR jumps to 114.
DISCUSSION
In Spain, rotaviruses are implicated in more than 90% of the
cases of infant diarrhoea, according to EDO [www.isciii.es/
jsps/centros/epidemiologia] (mandatory reporting of illnesses)
data. In La Paz University Hospital, as in other Spanish hospi-
tals, several cases of rotavirus are identiﬁed each year in paedi-
atric and neonatal patients [8–10]. However, in 2005, the
prevalence, and also the virulence, of the virus in the neonatal
unit was surprising, especially in the ﬁrst 2 months of the year,
during which some cases progressed to NEC (9/25, 36% of the
cases). There were no deaths, in spite of the fact that a high
number could have been expected [19]. Throughout the
months during which the outbreak lasted, the only strain of
rotavirus detected was of serotype P4G2, but the virulence of
this virus probably changed once progression to NEC stopped.
There appeared to be asymptomatic infection of parents
and healthcare providers, which would explain the repeated
occurrence of the virus in the unit despite the fact that the
medical staff, and the training received, had not varied from
previous years when there was no outbreak of the infection.
The control/case ratio was near 1 : 1, which reduces the
study size and the possibility of ﬁnding statistically signiﬁcant
associations, but increases the speciﬁcity of these associa-
tions, giving more credibility to the obtained relationships
between variables.
The multivariate analysis shows the following risk factors:
biological immaturity [9,12] due to premature birth, some
type of malformation, and prior infection, all of which result
in an OR of 2–3. It is interesting to note that a ‘metabolic’
factor, such as a change in blood sugar or the presence of
jaundice, can cause much higher ORs (OR 7.6). Hyperglyca-
emia has been associated with low birthweight [21], pre-
term births and dehydration, which could contribute to or
complicate the evolution of an intestinal infection, but it has
not been reported as a risk factor. Jaundice and the resulting
decrease in discharge of bile in the intestine could result in
an increase in susceptibility to intestinal infection, given that
the distribution and amount of intestinal microbiota change
[22]. A similar explanation applies to cases with prior infec-
tions, as antibiotics were probably administered, thus causing
changes in intestinal ecology. This, in turn, would favour
infection by any exogenous microorganism, especially if the
infective dose was small. These three factors are also closely
correlated with prematurity.
As was the case in previous outbreaks, the ﬁrst measure
taken was to improve hygiene protocols [23,24], including
alcohol-based hand-washing solutions and emolients at crib-
side and near every incubator. Hypochlorite-based disinfec-
tants or alcohol, which have been shown to be effective
against rotaviruses [12,25], were used on rust-resistant or
rust-sensitive surfaces; quaternary ammonium compounds
were not used to disinfect surfaces, as they have not been
shown to be effective against these viruses [1,3].
However, the multiple shifts in nursing and auxiliary staff
made it difﬁcult to quickly and effectively transmit informa-
tion, and nine informational sessions were required before
the outbreak subsided in June. In August, a new outbreak fol-
TABLE 2. Clinicical features of newborns with symptomatic
rotavirus infection
Symptom n (%)
Fever (>37.5cutaneous) 16 (22.2)
Abdominal distension 16 (22.2)
Vomiting 9 (12.5)
Diarrhoea 49 (68.1)
Bloody faeces 17 (23.6)
Septic appearance 6 (8.3)
Deterioration 11 (15.3)
Necrotizing enterocolitis 9 (12.5)
Symptomatic infections: n = 72 (55% of total infected).
TABLE 3. Multivariate logistic regression analysis of
rotavirus infection in newborns
Variable B SE B p OR
Premature birth 0.966 0.286 <0.001 2.63
Prior infection 0.854 0.298 <0.01 2.35
Malformations 0.868 0.338 <0.01 2.38
Glycaemia change and/or presence of jaundice 2.03 0.584 <0.001 7.63
Coefﬁcient )1.144 0.275 <0.001 –
Log likelihood: )161.4
v2 = 35.8
SE, standard error. B, coefﬁcient of a risk factor in the logistic regression equa-
tion (is lnOR of this factor).
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lowed admission to the unit of twins who had acquired the
infection outside the hospital. The duration of this episode
was affected by substitutions of personnel during the sum-
mer holidays, after which the outbreak began to subside,
until it was completely extinguished by November.
Dennehy and Peter [26] did not ﬁnd an increased risk of
infection related to room-sharing or shared healthcare pro-
viders, which was the case in the study hospital during pre-
vious years, when cases were sporadic. Nevertheless,
during the study period, any delay in separating infected
children (e.g. on weekends) brought about a considerable
increase in the number of new infections identiﬁed during
screening on Mondays. Closure of the unit was not consid-
ered (and was not an option in the present case) in order
to totally disinfect all surfaces, as has been reported in
other situations [11].
The cost of this outbreak was calculated by using the
increase in the duration of hospital stays for the case sub-
jects. The total of 1127 stays, at a cost of approximately
€500 000 , clearly indicates the importance of understanding
the epidemiology of this infection, of identifying the risk fac-
tors, and of implementing appropriate control measures
quickly and decisively.
Acknowledgements
We would like to mention the willingness, understanding and
collaboration of the parents of the children involved in this
study, who participated in study groups to analyse the out-
break and implement the appropriate measures to be taken.
This was of special importance, given that the majority of
the infected infants were premature and, in many cases, had
a history of clinical problems prior to infection. We would
also like to acknowledge the doctors and nurses of the
NICU Hospital Universitario La Paz.
Transparency Declaration
The authors have no relationship or conﬂicting interest
related to this article.
References
1. Harris JP, Jit M, Cooper D, Edmunds WJ. Evaluating rotavirus vacci-
nation in England and Wales. Part I. Estimating the burden of disease.
Vaccine 2007; 25: 3962–3970.
2. Abad FX, Pinto RM, Bosch A. Survival of enteric viruses on environ-
mental fomites. Appl Environ Microbiol 1994; 60: 3704–3710.
3. Bellamy K, Alcok R, Babb JR, Davies JG, Ayliffe GA. A test for the
assessment of ‘hygienic’ hand disinfection using rotavirus. J Hosp Infect
1993; 24: 201–210.
4. Chandran A, Heinzen RR, Santosham M, Siberry GK. Nosocomial
rotavirus infection: a systematic review. J Pediatr 2006; 149: 441–
447.
5. Orenstein EW, Fang ZY, Xu J et al. The epidemiology and burden of
rotavirus in China: a review of the literature from 1983 to 2005. Vac-
cine 2006; 25: 406–413.
6. Bresse J, Fang ZY, Wang B et al. First report from the Asian rotavi-
rus surveillance network. Emerg Infect Dis 2004; 10: 988–995.
7. Parashar UD, Alexander JP, Glass RI. Prevention of rotavirus gastro-
enteritis among infants and children. MMWR 2006; 55: 1–13.
8. Sanchez-Fauquier A, Wilhelmi I, Colomina J, Cubero E, Roman E.
Diversity of group A human rotavirus types circulating over a 4-year
period in Madrid, Spain. J Clin Microbiol 2004; 42: 1609–1613.
9. Sanchez-Fauquier A, Montero V, Moreno S et al. Human rotavirus
G9 and G3 as major cause of diarrhea in hospitalized children, Spain.
Emerg Infect Dis 2006; 12: 1536–1541.
10. Roman Riechmenn E, Wilhelmi de Cal I, Cilleruelo Pascual ML et al.
Grastroenteritis aguda nosocomial e infeccion asintomatica por rota-
virus y astrovirus en nin˜os hospitalizados. An Pediatr (Barc) 2004; 60:
337–343.
11. Widdowson MA, van Doornum GJJ, van der Poel WHM, de Boer
AS, Mahdi U, Koopmans M. Emerging group-A rotavirus and a noso-
comial outbreak of diarrhea. Lancet 2000; 356: 1161–1162.
12. Widdowson MA, van Doornum GJJ, van der Poel WHM et al.
An outbreak of diarrhea in a neonatal medium care unit caused by a
novel strain of rotavirus: investigation using both epidemiologic
and microbiological methods. Infect Control Hosp Epidemiol 2002; 23:
665–670.
13. Walther FJ, Bruggeman C, Daniels-Bosman MS. Rotavirus infections
in high-risk neonates. J Hosp Infect 1984; 5: 438–443.
14. Bhan MK, Lew JF, Sazawal S, Das BK, Gentsch JR, Glass RI. Protec-
tion conferred by neonatal rotavirus infection against subsequent
diarrhea. J Infect Dis 1993; 168: 282–287.
15. Rao GG. Control of outbreaks of viral diarrhea in hospitals: a practi-
cal approach. J Hosp Infect 1995; 30: 1–6.
16. Gianino P, Mastretta E, Longo P et al. Incidence of nosocomial rotavi-
rus infections, symptomatic and asymptomatic, in breast-fed and non-
breast-fed infants. J Hosp Infect 2002; 50: 13–17.
17. Linhares AC, Mascarenhas JAP, Gusmao RHP, Gabbay YB, Frialho
AM, Leite JPG. Neonatal rotavirus infection in Belen, Northern Brazil:
nosocomial transmission of a P6 G2 strain. J Med Virol 2002; 67: 418–
426.
18. Boccia D, Stolﬁ I, Lana S et al. Nosocomial necrotizing enterocolitis
outbreaks: epidemiology and control measures. Eur J Pediatr 2001;
160: 385–391.
19. Sharma R, Garrison RD, Tepas JJ et al. Rotavirus associated necrotiz-
ing enterocolitis: an insight into a potentially preventable disease?
J Pediatr Surg 2004; 39: 453–457.
20. Ward RL, Bernstein DI, Young EC, Sherwood JR, Knowlton DR,
Schiff GM. Human rotavirus studies in volunteers: determination of
infectious dose and serologic response to infection. J Infect Dis 1986;
154: 871–880.
21. Hays SP, Smith EB, Sunehag AL. Hyperglycemia is a risk factor for
early death and morbidity in extremely low birth-weight infants. Pedi-
atrics 2006; 118: 1811–1818.
22. Topley WWC, Wilson GS, Collier LH, Balows A, Sussman M (eds).
Topley & Wilson’s microbiology and microbial infections, 9th edn. London:
Hodder Arnold, 1998.
23. Herruzo-Cabrera R, Garcia-Caballero J, Martin-Moreno JM, Graciani-
Perez-Regadera MA, Perez-Rodriguez J. Clinical assay of N-duoprope-
nide alcohol solution and hand application in newborn and pediatric
284 Clinical Microbiology and Infection, Volume 15 Number 3, March 2009 CMI
ª2009 The Authors
Journal Compilation ª2009 European Society of Clinical Microbiology and Infectious Diseases, CMI, 15, 280–285
intensive care units: control of an outbreak of multiresistant Klebsiella
pneumoniae in a newborn. Am J Infect Control 2001; 29: 162–167.
24. Zerr DM, Allpress AL, Heath J, Bornemann R, Bennett E. Decreasing
hospital-associated rotavirus infection: a multidisciplinary hand
hygiene campaign in a children’s hospital. Pediatr Infect Dis J 2005; 24:
397–403.
25. Sattar SA, Jacobsen H, Rahman H, Cusack TM, Rubino JR. Interrup-
tion of rotavirus spread through chemical disinfection. Infect Control
Hosp Epidemiol 1994; 15: 751–756.
26. Dennehy PH, Peter G. Risk factors associated with nosocomial rota-
virus infection. Am J Dis Child 1985; 139: 935–939.
CMI Herruzo et al. Nosocomial infection by rotavirus P4G2 285
ª2009 The Authors
Journal Compilation ª2009 European Society of Clinical Microbiology and Infectious Diseases, CMI, 15, 280–285
